Mining activities generate several impacts. Besides the environmental damages, the exploration of radioactive minerals, such as uranium and thorium, is responsible for another kind of problems and concerns. Radioactive materials can remain dangerous for long time periods, what requires radioprotection measures in order to protect the health of the workers and the public in general. This work shows the results of a radiometric survey done in a uranium mine that is under a decommissioning process, in the southeast region of Brazil. The results show that there is potassium and radium in almost the whole region called Waste Rock Pile number 4, where tons of wastes are deposited. However, the radiation values are under the permissible limits for workers, although the place can not be considered as a free area, according to the Brazilian rules.
Since 1976, when the works began in order to characterize the place in details, to execute the mining project and to start the mining operations and the processing of uranium in the "Mina do Cercado", several complementary studies have been carried out in the region. These studies were done to characterize the hydrodynamics of the existent aquifer, to evaluate the flow direction, to verify the status of some bio indicators and to assess the natural radionuclides in the environment, among many others (Amaral, 1979; Paschoa et al., 1979; Vasconcellos et al., 1987; Prado, 1994; Campos et al., 2010) .
After the closing of the "Mina do Cercado" in 1995, and the beginning of the studies to recover the degraded areas in this region, several researches have been conducted with the support of the INB. Part of these studies was done through Ph.D. thesis and M.Sc. dissertations, which evaluated several environmental components involved in the hydrogeological and hydrogeochemical characterization of the region. As example, the study of subsurface drainage of the environmental liabilities associated to the disposal of the mining waste from the "Mina do Cercado" evaluated the hydrodynamic properties of the local aquifer by drilling wells and specific tests (MDGEO, 2000) . The recharge was evaluated and as a conclusion, the proposal for a groundwater flow model for the region outside the WPR4 -Waste Pile Rock number 4, was obtained and calibrated. Another important study, in the surroundings of Poços de Caldas municipality, aimed to evaluate the groundwater in their hydrogeological and hydrogeochemical aspects, with emphasis on the sources of hydrothermal waters from that city (CETEC, 1987) .
The radionuclide transport at Poços de Caldas Plateau was also an object of researches (Barcellos et al., 1990; Fernandes et al., 1995) , and it was showed that the tailing pond and the waste pile rock draining acid were the main sources of contamination. More recently, numerical models for simulating water flow and relevant geochemical processes in the site (Franklin, 2007) and alternatives to mitigate the impacts caused by the WPR4 (Nóbrega, 2007) were investigated in the area. Also, previous studies made a hydrogeochemical investigation of the Antas River, in order to verify the contamination in water courses downstream the mine, and the natural attenuation was considered responsible for mitigate the contamination from effluent releases in the area (Lamego et al., 2009 ).
Objective
The objective of this work is to show the results of a radiometric evaluation performed in the study area, measuring the gamma activity, the dose rate values and identifying the existent radionuclides, in order to verify the state of these parameters in the region, as part of the environmental researches that are being carried out. This is the first time that this kind of research is undertaken in the area, evaluating the radiation level in a sampling grid that covers all the WPR4, since the PRAD -Plan to Recover the Degraded Area, was elaborated for the site.
The study area where the radiometric survey was done is the region where the WPR4 is located, that belongs to the INB Caldas. The volume of the WPR4 is 12.4 million cubic meters, which comprehend an area of 569 thousand of square meters, situated in the ancient part of the Consulta stream (Cipriani, 2002) . There are 8 Waste Pile Rocks in UTM Caldas facility, but the number 4 is the biggest one, and for this reason it was chosen to be studied. The obtained results were compared to the values of the natural radiation in the region.
Study Area Characteristics
The UTM Caldas -Ore Treatment Unit, is located in the southern region of Minas Gerais State (Figure 1 ), and it is approximately 180 km distant from the city of São Paulo, 350 km from Belo Horizonte and 360 km from the city of Rio de Janeiro (Araújo, 2005) . Other studies are evaluating several questions related to the acid mine drainage and the recovery of uranium (Gomes et al., 2011; Santos & Ladeira, 2011; Ladeira & Gonçalves, 2008) . It is expected that soon new hydrogeological studies will begin, since a new project that has technical support from the University of Queensland -Australia, was endorsed. This project will have a financial support from FAPEMIG -Research Support Foundation of Minas Gerais State. Also, the behavior of the underground waters in the WPR4 is under study, with the help of probes and piezometers installed in four underground wells. In 2010, with the help of rain gauges, it could be verified the annual precipitation in the WPR4, and rain was registered in 142 days along the year (Figures 4a and 4b ). The monitoring of the atmospheric pressure and temperature is underway, besides infiltration tests and the evaluation of the moisture of the soil (Figures 5a and 5b ). It is possible to see that the temperature reaches negative values in July 2011. WISMUT experience in remediation of uranium mining and milling legacies is considered the biggest mining rehabilitation project in the world. From 1945 to 1990, SDAG Wismut in East Germany was the major uranium supplier to the Soviet Union. Estimates indicate that approximately 216,000 tons of uranium were produced. However, during production time neither substantial technical or financial provisions were made for closure of mining and decommissioning process. Immediately following unification of Germany, the WISMUT mining operations were discontinued and a fund of approximately 6.2 billion of Euros was provided for the clean-up and remediation of the environmental liabilities in the uranium mining areas (IAEA, 2005) .
After a preliminary survey, the remediation focused on five mining sites (Ronneburg, Aue, Pöhla, Königstein & Gittersee) and two processing sites (Seelingstädt & Crossen). The main tasks to be done were the demolition of contaminated buildings and structures, the cleaning of the area and to solve several questions associated to the waste rock piles, industrial tailings ponds, underground and open pit mines and water treatment (Hagen & Jakubic, 2006) , (Czegka et al., 2006) . The scope of the closure program was vast and included 5 underground mines, 37 km 2 of operational areas including 2 milling sites and 311 M m³ of 20,000 tons of uranium deposited in 48 waste rock piles, among other tasks (Hagen, 2007) .
Methodology
To assess a radiometric evaluation of the study area, a sampling grid was defined for the region. Part of the original net used and installed by the LAPOC -Laboratory of the National Commission of Nuclear Energy in Poços de Caldas, for studies related to the detection of radon gas through passive detectors, was adopted (Macacini, 2008) . The grid of the original study was defined in a range of 25 x 25 meters, however due to operational reasons in this activity, the working area was redefined as a 50 x 25 meters grid. Once that the net was defined, in each sampling point the geographical coordinates, the temperature, the gamma radiation rate (CPS -Counts Per Second), the dose rate (Sv per hour) and gases samples were obtained/collected. The procedure was made following the recommendations of a technical document of IAEA (IAEA, 2003) , which cover all aspects of the uranium mining industry, from exploration to exploitation, decommissioning, and the application of techniques in other non-uranium resources areas.
The measurements were done using a portable gamma spectrometer IdentiFINDER model XYZ, which carries out qualitative and quantitative analysis of gamma radiation using a NaI (Tl) detector and an internal Geiger Mueller (GM) tube. On very high dose rates (above 500 μSv/h), the scintillation detector is switched off and the GM tube is responsible for the dose rate display. The initial calibration and, furthermore, the permanent and continuous stabilization running in the background in parallel to any performed measurement, are based on an internal Cs-137 stabilization source. It is valid to observe that in this work, the device had to be turned on outside the research area, due to the existent natural radiation, since the presence of strong sources may disturb the stabilization and calibration of the IdentiFINDER. A precise energy calibration though is essential for the identification of any nuclides found in the field.
After the drilling of the soil in order to collect the gases as part of environmental studies (Abreu et al., 2011) , the radiation measurement was done with the device touching the soil surface. The procedure was done in sequence, covering all the sampling points in the study area. The soil temperature was also checked (this parameter was used in the gases analyses). It is valid to emphasize that the device must be pointed to the source of radiation. If the acquisition time is too short or the radiation level is too low, the identification algorithm does not start. The instrument was programmed to detect only one or two radionuclides, in order to optimize its performance. The IdentiFINDER has a trust level in the measurement that goes from zero (what means unlikely) to ten -very likely. A very weak indication is displayed as "-". This trust level represents the capacity of the device to identify correctly the spectrum of the radionuclides.
ISO 18589-1 (ISO, 2005) provides guidance for measurements of radionuclides in the soil, including the studies made for decommissioning purposes. It defines general procedures of gamma spectrometry measurement, and requirements for measurements of radioactivity in the soil. ISO recommends that sampling must be representative of the area under investigation, what was followed since the measurements were done in the 2012 whole WPR4 area using, as indicated, a portable radioactivity detector that can identify individual radionuclides. Figure 6 shows the sampling net in the region of study. The field works were performed in June and July of 2010. Figure 6 . Sampling net used in the study Table 1 shows some results of the evaluations done in the study area. Pu were found in less than 1% of the points, however the trust level indicates that is not likely the presence of these two nuclides.
Results and Discussion
A statistical analysis was performed considering all the measurements presented in Table 1 , with the help of the MINITAB 16 software. The results show that only four points are considered as outliers: M8, Q3, Q10 and U5 (Figure 7) , and all of them are located at the northwestern part of the WPR4. The gamma radiation and the dose rate distribution curves have the same aspect, as expected (Figure 8 ). Figures 9 and 10 show the obtained results for gamma activity and dose rates. It is possible to observe the existence of a central zone going from NE to SW where the gamma activity rate (and also the dose rate) is relatively smaller, probably due to the presence, in a significant amount, of a allochthonous clay-like material that was deposited in the surface of the waste pile in order to act as a barrier to prevent the infiltration of rainwater. Table 2 shows some results of the statistical analysis for the counts per second and for the dose rate. Vol. 2, No. 1; 2012 According to CNEN rules (CNEN, 2005) , the limit dose established for workers is 20 mSv/year which corresponds to a dose rate of approximately 2.28 Sv/h. In this study 169 points were analyzed, and only in two of them the dose rate measured had a higher value than the limit: Q3 (2.72 Sv/h) and U5 (2.32 Sv/h).
A pre operational environmental survey performed in 1978/1980 in the region of Poços de Caldas plateau measured the natural radiation, and the average value found was 0,22 Sv/h (Amaral et al., 1984) . Considering this value as the natural background of the plateau, and subtracting it from the measured values, only the point Q3 remains above the limit dose established for workers. Thus, according to this work, the study site, although practically all free for workers, is not a free area for the public, since the limit established for the public in free areas, according to the national rules, is 1 mSv/year (0,14 Sv/h). It is worth emphasizing that the values considered were measured at ground level and at the entrance of the holes. This configuration provides information on dose in extremities (feet in this case) and not dose of whole body, although the values used to refer to measures of whole body. So, the obtained values are conservative in favor of the safety of the individual. In addition, the shielding effect due to the layer of soil on the radioactive material was removed, highlighting the effect of the presence of radionuclide in the deeper layers of soil.
UNSCEAR (2000) Thus, according to this classification, it is possible to see that the values (Table 1) , except for Q3 and U5, are considered medium or normal. Nevertheless, in the "Mina do Ferro" area, the values found in previous researches are very high (Table 3) , and the radiation levels are above the safety limits. However, this is a rural area with almost none inhabitants. (Hendry, 2009) . The survey was performed in an area of 230.187 km 2 , and the measurements were done in 409.257 points. However, the values found showed that the cities under study do not present high values, as expected for a region where the environmental radioactive level is high, and the same conclusion was obtained in other studies (Sachett, 2002) .
According to another studies done in Brazil, the natural radiation that exists in the surrounding cities of the uranium mine is not much higher than those ones from other parts of the country. Table 4 shows some results of these measurements (SES-MG, 2009 ). 
Conclusions
The decommissioning of UTM/INB Caldas is a task that challenges all the professionals involved in the project since this is the first time that this kind of task is done in Brazil. To quantify and evaluate to damages created by the mining activity is not a simple problem, but efforts are being done to assess the contamination in the waters and sediments in the surrounding regions of the INB site.
This work showed the preliminary net that was chosen to analyze the WPR-4 area, and it was possible to verify that there is Ra-226 in the whole area. Also, K-40 was found in several points were the measurements were done. In some places Pu-240 was found, but according to the trust level, this result should be not considered as reliable. The radiation levels found show that the study site can not be considered as a free area.
The environmental liabilities existent in the study area should be carefully evaluated and quantified, since the nuclear area is always seen as a sector that does not show transparency in its actions and procedures. The local community should be informed of all the tasks that are being executed. Public acceptance and participation is a vital key for the success of all the questions related to the nuclear sector.
